ABSTRACT: Red drum Sciaenops ocellatus and spotted seatrout Cynoscion nebulosus larvae were collected using plankton and benthic-sled tows every 2 h for 26 h on 4 separate dates in late August to early October 1990 in Aransas Bay, Texas, USA. Gut contents and gut fullness were evaluated to determine if feeding was randomly distributed over depth and time, and to compare feeding between the 2 species. Calanoid copepods were the dominant prey over all size-classes of red drum larvae. Copepod nauplii, bivalve and barnacle larvae were important for small red drum, while calanoid copepods, dinoflagellates and soft-bodied organisms were important in the diets of large red drum larvae. Calanoid copepods and bivalve larvae were the most important food items for spotted seatrout; gastropod veligers and copepod nauplii were also important prey. Gape size was positively correlated with standard length in both species. Mean prey size increased with gape width but there was wide variation in prey size at any given gape width. Small (<3.0 mm) and medium (3.0 to 4.5 mm) fish of both species fed on similar prey but large (>4.5 mm) fish had distinct diets. Similar numbers of larvae were collected in surface and bottom waters (6 m) during the night, but during the day more larvae were collected in bottom waters. Larvae of both species fed primarily during daylight hours. Feeding extended 2 h later in the evening for spotted seatrout than for red drum. There was no significant relationship between current speed and gut fullness in spotted seatrout or in red drum. Larvae were very successful at feeding under all conditions with little indication that vertical dstribution was associated with feeding success. Transit periods through well-mixed tidal inlets may provide excellent feeding opportunities, as well as a route to transport larvae to essential nursery habitats.
INTRODUCTION
It is generally recognized that recruitment success is largely established during the egg and larval period (Leggett & DeBlois 1994) . Recruitment variability has been correlated to both abiotic and biotic events. Predation and starvation are often sited as principal sources of mortality in larval fishes (Houde 1987 ), but transport to or away from favorable areas is also crucial to marine fish larvae (Hjort 1914) . Physical and biological processes often interact to affect transport processes. Feeding success is a major factor regulating growth rate which, in turn, influences starvation and predation rates through increased larval size (i.e. the 'bigger-is-better' hypothesis, Litvak & Leggett 1992) , and facilitates transport through increased swimming ability and buoyancy regulation. The period of transport through tidal inlets may be critical for estuarinedependent marine species as they pass from offshore spawning sites to estuarine nursery areas (Lyczkowski-Shultz et al. 1990 ). Little information exists on feeding activity of larvae during this critical transport phase or on its effect on recruitment success. Two sciaenids, red drum Sciaenops ocellatus and spotted seatrout Cynoscion nebulosus, have overlapping spawning seasons in the northwestern Gulf of Mexico but different life histories. Spotted seatrout spawn from March through October and red drum from August through October in South Texas, USA (Holt et al. 1988) . Red drum adults live and spawn in the Gulf of Mexico and their eggs and larvae are transported through tidal passes into estuaries where larvae recruit to seagrass habitat. Spotted seatrout, on the other hand, spawn in bays and estuaries and small larvae (4+ mm standard length [SL] ) are found in seagrass beds, often CO-occurring with young red drum of similar size (Rooker et al. 1998) . Transport into and within the bay in both species may be mediated by the vertical position of the larvae in the water column.
Vertical movement in fish larvae may result from a response to light, temperature, prey distributions (Boehlert & Mundy 1988) or tidal currents (Smith & Stoner 1993) . Holt et al. (1989) found a significantly greater proportion of red drum larvae in surface samples on flood than on ebb tides in a tidal inlet. Thus vertical movement in red drum larvae appears to be cued by tidal currents, suggesting that some form of behavioral response to tidal cycles facilitates their transport through the inlet into the estuarine nursery. Boehlert & Mundy (1988) suggested that fish could use tidal stream transport both for movement into an estuary and for maintenance within an estuary. Spotted seatrout may therefore utilize something similar to tidal stream transport to avoid seaward transport that might flush the planktonic larvae from the bay, though little is known about their vertical distribution in estuaries.
Vertical migration in response to prey distribution has been suggested for herring larvae (Fortier & Leggett 1983 , Munk et a1.1989 . The latter concluded that herring larvae migrate to depths to avoid predation but where light remains sufficient for feeding. Feeding-related movements could play a role in immigration to nursery sites, in concert with or opposed to tidal stream transport. Transport processes may also influence feeding conditions, especially near shore and in inlets where tidal currents produce turbulent mixing Tidally well-nxxed regions can provide superior feeding environments compared to stratified regions d u e to turbulence-enhanced encounter rates between predator and prey (Muelbert et al. 1994) .
This study examined diel food habits of larvae passing by a single location in a tidal inlet over both flood and ebb tides in a Eularian perspective. The objectives of the study were to descrlbe and compare the feeding dvnamics of red drum and spotted seatrout larvae within a tidal inlet, and to determine the effects of diel cvcle, depth, and current speed on feeding success.
The relationship of feeding activity and vertical distribution of larvae of both species is discussed in light of potential effects on larval immigration and recruitment to nursery areas.
STUDY AREA AND METHODS
Red drum and spotted seatrout larvae were collected on 4 separate dates in late August to early October, 1990 from a single site in Lydia Ann Channel, 1 of 3 tributary channels of the Aransas Pass tidal inlet near Port Aransas, Texas (2?"50.3'N, 9?"03.l1W ). Lydia Ann Channel connects Aransas Bay with the Gulf of Mexico. Water depth at the site is approximately 6 m and channel width averages 300 m. Samples were taken on the surface and bottom of the channel every 2 h for 26 h. Surface collections were made with a 1 m, 500 pm mesh plankton net (0.78 m2 surface area) and bottom collections were made with a similar size net mounted on an epibenthic sled set to fish 20 cm off the bottom. All tows were made into the current. To avoid contaminating the bottom sample, the boat was backed down on the net and the sled was llfted straight up from the bottom. Both nets were equipped with netmounted flow meters to record water volume filtered. Larval abundance was converted to density and expressed as number per 100 m3.
Currents were measured at the site with moored surface and bottom (5 m) current meters. Vertical profiles of temperature and salinity were measured each hour with a SeaBird SB19 CTD. Values taken from the 1 and 5 m depths were used to represent surface and bottom temperature and salinity.
Tides on the central Texas coast are mixed, but principally diurnal (Smith 19?9) .The fortnightly transition from tropic to equatorial tides produces a n alternating pattern of diurnal and semi-diurnal tidal cycles. The strongest ebb and flood currents in the tidal inlet are typically 60 to 70 cm S-' under diurnal tides whereas ebb and flood currents during semi-diurnal tides range from 20 to 40 cm S-' (Smith 1979) . Four suites of samples were taken, 2 during periods of diurnal tides and 2 during periods of semi-diurnal tides, over a 6 wk period from late August through early October (Fig. 1) . A sample suite consisted of triplicate surface and bottom plankton tows taken every 2 h beginning at slack tide and continuing for a 26 h period. During diurnal tides the 26 h collecting period encompassed 1 full ticlal cycle. The sampling period for semi-diurnal tides encompassed at least 1 flood and 1 ebb tide and due to tidal inequalities, often included extended periods of near slack tides. Each set of triplicate surface and bottom samples was completed in about 45 min. Surface and bottom collections were alternated within a set. Larvae were preserved (within 5 to 10 rnin of capture) in 5 % formalin and later transferred to 95% ethanol. SL, gape width (measured from the ventral aspect as the distance between the posterior mandible tips), and gut fullness were measured on all larvae (1999 red drum, 1.32 to 7.60 mm SL and 1205 spotted seatrout, 1.38 to 7.23 mm SL) to the nearest 0.01 mm using SigmaScan image analysis software. Measurements were made with a Summasketch digitizing pad as larvae were viewed through a drawing tube on a stereo microscope. To measure gut fullness, the size of the gut was traced with a larva laying on its side. SigmaScan translated this irregular shape into total area of the gut (G). The same procedure was used to measure the area filled with prey (p); percent gut fullness was determined as p/g X 100. There was no significant difference (p < 0.05) in total area of the gut (G) between full and partially full guts.
Gut contents were identified from 156 red drum, 1.49 to 7.60 mm (preserved) SL, and 129 spotted seatrout larvae, 1.38 to 7.23 mm (preserved) SL. The 285 larvae were selected from all 4 trips to include possible temporal (hour and date) and vertical variability, and cooccurrence of both species. The gastrointestinal tract, from the esophagus to the anus, was excised and transferred to a drop of water and teased apart to remove contents. Prey items were identified to the lowest taxon possible, counted and measured across the shortest body axis. Soft-bodied organisms were not identifiable (may have included flatworms, rotifers, polychaetes, protozoans, and tentacles) but had a definite size. Larvae were grouped into 3 size categories (small ~3 . 0 , medium 3.0 to 4.5, and large >4.5 mm SL) for interspecific and intraspecific diet comparisons. Percent frequency of occurrence (%F) and percent of total number (%N) of diet items for fish larvae in each size-class were calcuIated; an index of relative irnportance of each prey was calculated as F X N (Steen & LaRoche 1983) . Diet overlap between similar sizeclasses of red drum and spotted seatrout, and among size-classes within each species were measured using the Schoener index (Schoener 1968) . The index has a scale from 0 (no overlap) to 100 (complete overlap between pairs). Overlap indices >60% were considered to be 'high' and ~4 0 % to be 'low'.
The effect of position in the water column (i.e. surface or bottom) and day verses night on percent gut fullness were tested with 2-way ANOVA using a randornized block design. The collection date was used as a blocking factor to account for potential differences in feeding conditions between collections. Percent gut fullness was transformed by arcsine square root prior to all analyses. We used data collected from 08:OO to 20:OO h for the day and 22:OO to 06:OO h for the night samples. Only data from the first 2 sampling dates were used for spotted seatrout since very few spotted seatrout larvae ( < l % of total) were collected on the last 2 sampling dates.
The influence of current speed on gut fullness was examined through regression analysis. Mean gut fullness of larvae from each bi-hourly collection was regressed against the corresponding hourly mean current speed, for each species. Only those periods when the larvae were feeding (hours when mean gut fullness averaged >3O0/0, see below) were included in the analysis. That excluded larvae collected at 00:00, 02:00, 04:OO and 06:OO h for red drum and 02:00, 04:00, and 06:OO h for spotted seatrout. We examined the potential for a domed shaped feeding response to turbulence (MacKenzie et al. 1994 ) that would be generated by tidal currents (Fox et al. 1999 ) by fitting a quadratic equation to the data.
RESULTS
The 4 collection dates included 2 diurnal and 2 sernidiurnal tidal periods (Fig. 1) . Maximum current speed reached 77 cm S-' and averaged 39.5 cm S-' during diurnal tides, while maximum current was 59 cm S-' during the semi-diurnals, averaging 22.3 cm S-'. Water temperatures ranged from 23.8 to 31.1°C and were lowest during the middle of the study due to the passage of a polar frontal system. Salinities ranged from 26.2 to 36.1 ppt and were relatively similar within a collection period. Turbulent flow in the inlet precluded any stratification within the water column and surface to bottom temperatures and salinities were essentially uniform throughout the study.
The highest densities of red drum and spotted seatrout larvae were taken in bottom collections. Similar densities of larvae were collected in surface and bottom waters (6 m) during the night (22:OO to 06:OO h), but during the day more larvae were collected from the bottom than the surface except for red drum at 18:OO h ( Table 1) .
ous life stages of copepods, bivalves, dinoflagellates, barnacle nauplii, and gastropod veligers. Calanoid copepods were the most important prey for both species, but the types of prey eaten were highly variable and changed as a function of fish size (Tables 2 & 3) .
Highest prey overlap between red drum and spotted seatrout was found among small and medium-sized larvae (Table 4 ) . There was high prey overlap in the diets of small red drum larvae collected from surface and bottom but only moderate overlap for medium and larger size-classes ( Table 5A ). Diet of the smallest red
Types of prey
The majority of food items dissected from fish guts were small (10 to 300 pm in width) and included van- drum size-class had low overlap with medium and larger larvae. Small red drum (c3.0 mm SL) ate primarily copepod nauplii, bivalve larvae, and barnacle nauplii (Table 2) . Medium-sized red drum (3.0 to 4.5 mm) ate calanoid copepods, invertebrate eggs, of large red drum in bottom collections and cyclopoid copepod nauplii, and foraminifera; the latter was imcopepods were only important prey in surface collecportant only on the surface (Table 6 ). Large red drum tions (Table 6 ). (>4.5 mm) consumed primarily calanoid copepods, There was also high prey overlap in the diets of small dinoflagellates and soft-bodied organisms (may have spotted seatrout on the surface and bottom but not for included flatworms, rotifers, polychaetes, protozoans, the larger size-classes (Table SB) . The most important tentacles). Soft-bodied organisms were important prey prey in small spotted seatrout were bivalve larvae, the surface and calanoid copepods, soft-bodied organisms, and copepod nauplii on the bottom (Table 6) . Large spotted seatrout fed on calanoid copepods and bivalve larvae on the surface and calanoid copepods, copepod egg sacs, and gastropod veligers on the bottom. There was a significant positive correlation of gape size with standard length for both species (Fig. 2) . Prey width varied from 10 to 280 pm in red drum and 7 to 380 pm in spotted seatrout. The regression of individual prey size on gape width was significant (Fig. 3 ) , but only a small portion of the variability was explained by the regression. Small prey were eaten by all sizes of fish; however, there was increasing variability in prey size as a function of length (or growth).
Gut fullness
The incidence of feeding was high. Only 17 % of all larvae had empty guts, 90 % of those were collected at night. Larvae began to feed after dayl~ght and highest mean gut fullness occurred during midday (12:OO to 20:OO h). Red drum stopped feeding after dark while spotted seatrout fed for 2 more h (Fig. 4) . In laboratory studies we found that red drum larvae clear their guts in 2 to 3 h after the end of feeding (G.J.H. unpubl. data) so reduced gut fullness at midnight reflects termination of feeding between 20:OO and 22:OO h. Sunset declined from 19:50 to 19: 10 h during this study. Lowest gut fullness values were found at 04:OO to 06:OO h.
Differences in gut fullness between day and night sampling were highly significant for both species and accounted for the bulk of the variability in both cases (Table 7) . Larvae always had significantly fuller guts during the day than at night (Fig. 5a,b ), but there was 0 100 200 300 4GU 500 600 700 800 900 1000
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. . m . Fig. 3 . Relationship between prey size to gape width of each larva in (a) red drum and (b) spotted seatrout
200-a no difference in gut fullness between larvae collected on the surface or bottom (Table 7) . The blocking factor trip was significant for red drum but not for spotted seatrout.
Although there was a positive linear relationship between current speed and gut fullness in both red drum and spotted seatrout (Fig. 6 ), neither regression was significantly different from the mean (red drum, df = 37, F = 1.81, p = 0.187; spotted seatrout, df = 33; F = 1.14; p = 0.294). The quadratic fit to the data provided a higher r2 than the comparable linear fit, as expected, but was not significant for either species (red drum, df = 37, F = 1.44, p = 0.249; spotted seatrout, df = 33; F = 1.58; p = 0.220). Early life stages of marine teleost larvae typically feed on microzooplankton with copepod nauplii dominating the diets of first feeding larvae (Hunter 1984 ).
Copepods were the major prey of red drum and spotted seatrout larvae but both fed on a wide variety of organisms. There were 25 or more food items that made up more than 1 % of the total diet. Size of prey in larval guts was highly variable. A small but significant increase in mean prey size with fish size was accompanied by an increase in maximum prey size but little or no increase in the minimum prey size. The inclusion of abundant but small prey in the diet while adding larger prey as the larva grows assures attainment of minimum ration and stabilizes growth during early life (Houde 1997) .
In a study similar to ours, Steen & Laroche (1983) found a smaller number of prey types in red drum larvae collected in the northcentral Gulf of Mexico off Mississippi. Both studies show copepod nauplii as the major prey of small red drum larvae, however copepod nauplii were found less frequently in the Texas larvae. The Mississippi larvae had fewer prey items but fed on tintinnids (Steen & Laroche 1983 ) while small Texas larvae had bivalve veligers, foraminifera, dinoflagellates, cypris larvae and gastropod veligers but not tintinnids among other important prey. Medium-and large-sized larvae differed in the 2 studies in the greater variety of prey and the importance of dinoflagellates and soft-bodied organisms found in the Texas study. The differences in diets of red drum larvae from the 2 study areas in the Gulf of Mexico could result from differences in prey availability. We did not collect prey in this study but selective feeding has been reported for red drum (Lyczkowski-Schultz et al. 1988) and for other sciaenid larvae (Govoni et al. 1986 ) in the northern Gulf of Mexico.
McMichael & Peters (1989) evaluated prey of young spotted seatrout in Tampa Bay and reported 85% of Hour Fig. 4 . Mean gut fullness as a function of tlrne for red drum (--, v) and spotted seatrout ( -, m) larvae. Gut fullness was averaged for all larvae taken at each hour over all collecting tnps (Govoni et al. 1983) . High prey overlap between red drum and spotted seatrout, especially in the small and medium sizeclasses, probably reflects opportunistic feeding on abundant small prey. But it is interesting that bi-valve larvae were more important prey than copepod nauplii in small (~3 . 0 mm SL) spotted seatrout larvae. Gastropod veligers also comprised an important part of the spotted seatrout diet despite the predominance of hard, non-digestible structures in both mollusk larvae. Soft-bodied prey, important in diets of both species, Hourly Mean Current Speed (cm 4') Fig. 6 . Relationship between current speed and gut fullness in (a) red drum and (b) spotted seatrout. Each point represents mean gut fullness of all larvae taken In 3 surface and 3 bottom tows during each bi-hourly sample. Current speed is the depth averaged current speed for the hour during which each sample set was taken have not been reported for other sciaenids and may reflect an abundance of polychaetes, flat worms, or tentacles of benthic organisms in the study site.
The diurnal feeding pattern of red drum and spotted seatrout is typical of other marine fish larvae {Hunter 1984) and is consistent with activities of visual foragers (Blaxter 1986 , Heath 1992 . Red drum larvae show changes in phototactic behavior as they age and grow, but at first feeding they are able to phototactically respond to extremely low light levels (Stearns et al. 1994) . The mid-afternoon light intensity near the bottom at 6 m in Lydia Ann Channel is reported to be 35 to 350 times higher than the estlrnated intensity threshold for visual feeding in red drum larvae (Stearns et al. 1994) . The lack of a significant difference in gut fullness of larvae from surface and bottom collections supports the idea that there is sufficient light throughout the water column for visual predation during daylight hours.
Vertical distribution of larvae in the water column was distinct with the majonty found on the bottom during the day, and similar numbers on the surface and bottom at night. This can be interpreted as diurnal movement of larvae away from the surface during the day. An alternative explanation is daytime gear avoidance on the surface. However, larvae did not consistently avoid the net during daylight since more red drum larvae were collected on the surface than on the bottom at 18:OO h.
Contrary to our findings, Lyczkowski-Schultz & Steen (1991) found red drum larvae in the northcentral Gulf of Mexico to be concentrated higher in the water column during the day than at night. They reported relatively high prey densities throughout the water column and could not attribute the vertical distribution of red drum to microzooplankton abundance (Lyczkowskl-Schultz & Steen 1991). Although fish larvae can vertically migrate in response to prey distribution patterns (Heath 1992) , w e found little evidence for this; larvae were well fed in both surface and bottom samples. Temperature and salinity profiles showed the water column during this study was well mixed, which should result in homogeneous distribution of microzooplankton.
Tidal currents in shallow waters can produce substantial turbulence (Veth 1990 , Fox et al. 1999 ) and predator-prey encounter rates can increase under such conditions (MacKenzie & Leggett 1991 , Muelbert et al. 1994 ). Although we were not explicitly testing the 'turbulence theory' (Rothschild & Osborne 1988 ) these data provided the opportunity to look for such a trend. Current speed, however, had no significant affect on feeding rates in either species in this study These results concur with recent results of Dower et al. (1997) and Fox et al. (1999) , who did not see a functional response of feeding success to increased turbulence. Both red drum and spotted seatrout larvae were very successful at feeding under all conditions with little indication that vertical distribution was associated with feeding success. This supports earlier findings that vertical movement of red drum larvae are cued by tidal or diurnal cycles (Holt et al. 1989) rather than driven by feeding-related vertical migration. Transit periods through well-mixed tidal inlets may provide excellent feeding opportunities, as well as a route to transport larvae to essential nursery habitats.
